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EXPERIMENTAL ASPECTS OF PENICILLIN SENSITIZATION
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Recent studies (1, 2) have emphasized a possible relationship between sensi-
tization to penicillin and to superficial fungous disease, both in the clinical
and the experimental spheres. In an initial experiment, it was shown that
guinea pigs in whom sensitization of the skin to penicillin had been produced
by a previous intradermal injection also developed positive cutaneous reactions
to trichophytin. In a second experiment, guinea pigs previously infected to
Trichophyton gypseurn and later found to have positive cutaneous reactions
to trichophytin, developed cutaneous sensitization to penicillin as well. An
attempt was made to produce anaphylactic shock in guinea pigs previously
sensitized to penicillin by injection of 1000 units of penicillin into the peripheral
venous system. No evidence of either immediate or delayed anaphylaxis was
observed.
It seemed expedient, then, to perform Schultz-Dale tests in guinea pigs, pre-
viously sensitized to penicillin or to T. gypseum, and utilizing both penicillin
and trichophytin in the uterine bath.
The literature contains a single study, that of McClosky and Smith (3), on the anaphy
lactic aspects of sensitization to commercial penicillin in the experimental animal. Sen
sitization was attempted by subcutaneous and/or intraperitoneal injections of from 100
to 1000 units (average of 500 u) given on 5 successive days. In a first group of guinea pigs,
shocking doses of from 5000 to 23,640 units were administered intracardially or intrave-
nously after a 30-day interval. Anaphylaxis occurred in 4 of 11 animals tested; 2 animals
died in typical anaphylactic shock. In the second group of 12 animals, Schultz-Dale tests
were performed after intervals of from 13 to 36 days, employing from 2000 to 20,000 units of
penicillin in a uterine bath of 100 cc. of Ringer-Locke solution. Uterine contractions in-
dicative of anaphylactic sensitization occurred with both uterine horns of one animal
and with a single horn of 5 animals, an incidence of 50 per cent. Positive reactions were
obtained only when the incubation period was 19 days or more. The shocking dose of
penicillin varied from 2000 to 20,000 units. The authors emphasized that positive reac-
tions were frequently delayed for from 2 to 4 minutes; desensitization, attempted in five
instances, was successful in but two. No uterine contractions were obtained in 8 control
animals with doses of 20,000 to 30,000 units of penicillin in the uterine baths.
MATERIALS AND METHOD
Young, virgin female guinea pigs, weighing not more than 300 grams, were utilized.
Fresh solutions of sodium penicillin of a single brand and lot number, were used for both
the sensitizing injections and the shocking doses. A commercial brand of penicillin was
used for the first three experiments, while crystalline sodium penicillin G was employed in
experiments 4, 5 and 6. Fungous disease was produced in the guinea pig by 5 weekly moe-
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ulations of a saline suspension of T. gypseum, each inoculation consisting of 2 intradermal
injections of 0.1 cc. and the percutaneous application of several drops of the suspension to
an abraded area on the flank.
The uterine bath was prepared in the standard fashion. A glass container was partially
immersed in a water bath, in which the temperature was maintained at 38°C. by a thermo-
stat. The bottom hook for the uterine horn was a curved needle attached to a piece of glass
tubing, which in turn was connected to a source of flowing air. During he experiment,
air was constantly bubbled through the bath and provided a source of oxygen for the
suspended uterine horn. The lower end of the uterine horn was attached to the curved
needle near the base of the containing tube, the upper to a lever which recorded the uterine
contractions on a revolving drum.
The animals were killed by a blow on the head and the two uterine horns were quickly
removed and placed in Ringer's solution warmed to 38°C. Ringer's solution was used
for most of the experiments. In 3 animals the uterine tests were conducted with a standard
Ringer-Locke solution, but the uteri were found to develop excessive contractions in this
solution and Ringer's solution was utilized for the remaining tests. After a uterine horn
was tested with either penicillin or trichophytin, the muscle was washed thoroughly in
Ringer's solution before the reverse tests were made. At the completion of each uterine
experiment, the horn was tested with standard surgical pituitrin, to insure that normal
contractibility was present. When contractions could not be elicited with pituitrin, the
results in the individual experiment were excluded from the final tabulations.
EXPERIMENTS UTILIZING COMMERCIAL SODIUM PENICILLIN
Experiment I. Three guinea pigs were sensitized to T. gypseum by the method
described above. Three weeks after the last inoculation, Schultz-Dale tests
were performed, using a standard commercial trichophytin in a final dilution
in the uterine bath of from 1:30,000 to 1:3,000. In 2 guinea pigs the cornua
were tested subsequently with commercial sodium penicillin in a final concen-
tration of from 1000 to 10,000 units per 100 cc. of bath solution.
Results: Evidence of the anaphylactic type of uterine response with imme-
diate and full contractions of the uterine musculature was not seen. Further-
more, no significant reactivity to either trichophytin or penicillin was observed
in two of the three pigs. In the third pig the uterine horn was first treated with
trichophytin, 1:30,000, but no significant reaction was encountered. After
washing with Ringer's solution the uterine horn was exposed to increasing
amounts of commercial sodium penicillin. No contractions were observed with
from 1000 to 3000 units per 100 cc. of bath. Following exposure to 5000 units,
however, increased irritability was noted, while 3 minutes later a sustained con-
traction of low amplitude and lasting 3 minutes developed.
Experiment 2. Four guinea pigs were given a single intradermal injection
of 200 units of commercial sodium penicillin. A repeat injection after one month
resulted in doubtful reactions consisting of minute red papules, 2 to 4 mm.
in diameter, in all four pigs. Schultz-Dale tests were performed on the four
animals, 6 weeks after the initial sensitizing injection. Ringer-Locke solutions
were used in three of the four experiments and in one of these the uterine con-
tractions were of such magnitude in the control bath that testing with penicillin
and trichophytin was not attempted.
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Results: The uteri of three guinea pigs were tested to commercial Sodium
penicillin and trichophytin, the former in concentrations of 10,000 units per
100 cc. of bath and the latter in final dilutions of from 1:30,000 to 1:3,000.
No significant reactions were seen in the first two animals tested.
A typical anaphylactic response was noted in the last pig tested following ex-
posure to 10,000 units of commercial sodium penicillin per 100 cc. of bath and
Fm. 1. The top tracing shows a typical anaphylactic reaction to penicillin; that at the
bottom, increased uterine contractions following exposures to trichophytin.
is shown in figure 1. Thc same uterine horn was then tested with trichophytin,
1:3000. Evidence of increased muscular irritability was soon shown by con-
tractions of increasing magnitude, but no true anaphylactic reaction was seen.
Experiment 3. Three guinea pigs were utiliZed as controls. In none of the
three animals did the uterine horns react to trichophytin in concentrations up
to 1:3000. The three guinea pigs were tested also with commercial sodium peni-
cillin, 10,000 units in 100 cc. of bath solution, or 100 units per cc. No significant
contractions were observed.
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EXPERIMENTS WITH CRYSTALLINE SODIUM PENICILLIN G
In a second group of experiments, crystalline sodium penicillin G in a potency
of 1480 units per mgm. was utilized. In view of the increased potency of this
preparation, an initial control experiment was performed on four guinea pigs.
Experiment 4. (Control group, 4 animals.) The concentration of the peni-
cillin in the uterine bath was 10,000 units per 100 cc. of bath solution, or 100
units per cc. Both uterine horns were tested in three animals and a single horn
FIG. 2. RESULTS OF SCHULTZ-DALE TESTS IN GUINEA PIGS SENSITIZED TO CRYSTALLINE
SODIUM PENICILLIN G
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in the fourth. As an additional trichophytin control, both horns of two of the
four guinea pigs were tested with trichophytin in a final concentration of 1:3000
in the bath. A final centrol was done on each uterine horn with surgical pi-
tuitrin, 0.1 mgm. in 100 cc. of bath solution, to insure that the uterine mus-
culature possessed normal contractibility.
Results: No contractions occurred with penicillin or trichophytin. Maxi-
mum contractions were obtained with pituitrin in all tests.
Experiment 5. The method employed in sensitization to crystalline sodium
penicillin G and the results obtained by Schultz-Dale testing are presented in fig-
ure 2.
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Of the twelve uterine horns tested with penicillin there was one maximal con-
traction, listed as 4+. The same horn responded with an immediate but partial
contraction to trichophytin. The reactions of this horn to penicillin, tricho-
phytin and pituitrin are shown in figure 3.
FIG. 3. Strongly positive reaetioo to penicillin arid all immediate partial contraction to
trichophytin in gninea pig sensitized to penicillin.
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A single horn of three other uteri reacted in a partial, incomplete and often
delayed fashion to penicillin. There were no other reactions to trichophytin.
Experiment 6. Five guinea pigs were repeatedly infected \vith Trichophyton
gypseum by inoculations given as above described, except that the five inocu-
lations were given at five day instead of weekly intervals. Crystalline sodium
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penicillin G was used in the uterine tests. The results of Schultz-Dale testing
are shown in figure 4.
In three instances, both uterine horns were tested, while a single horn was
tested in the remaining two animals. Reactions to penicillin and/or tricho-
phytin occurred in the uterine musculature of four of the five animals tested.
Strongly positive reactions (maximum contraction) to penicillin were noted
in two guinea pigs and a like reaction to trichophytin in a third. It is of interest
that in two animals sensitized to Trichophyton gypseum, maximum uterine
Fin. 5. In tracing A the maximal contractions to penicillin and pituitrin, but none to
triehophytin, are shown. In B is shown maximal contractions to trichophytin and pitui-
trin, hut only a doubtful response to penicillin. Tracing C demonstrates an incomplete
reaction to trichophytin.
contractions were noted on contact with penicillin, but none with commercial
trichophytin. In contrast is the experiment in which there w-as a maximal
response to trichophytin but only a doubtful reaction to penicillin. Finally,
a partial response to trichophytin was encountered in guinea pig number five.
rrhese reactions are illustrated by the tracings shown in figure 5.
SUMMARY
In these experiments a further attempt has been made to evaluate the rela-
tionship between sensitization to penicillin and sensitization induced by super-
ficial fungous disease. Jadassohn and his associates (4) have demonstrated
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an anaphylactic type of sensitization to superficial fungous disease in the guinea
pig by means of the Schultz-Dale phenomenon. Accordingly, the Schultz-Dale
test was utilized in guinea pigs infected with T. gypseum and in other guinea
pigs sensitized to penicillin.
McClosky and Smith (3) were able to demonstrate that guinea pigs can be
sensitized anaphylactically to commercial sodium penicillin. This conclusion
was confirmed in Experiment 2. Moreover, it was shown in Experiment 5
that an anaphylactic type of sensitization can be induced in the guinea pig by
crystalline sodium penicillin as well, and with an approximately equal frequency
(50 per cent). This anaphylactic response, however, was generally of a partial,
incomplete type and was delayed for three minutes in two of the four positive
reactions. This suggests that penicillin is an imperfect allergen as far as the
induction of anaphylactic reactivity is concerned.
Of even greater interest is the fact that of a series of eight guinea pigs with
chronic T. gypseum infections of the skin, five developed evidence of anaphylactic
reactivity to either commercial or crystalline sodium penicillin, as demonstrated
by Schultz-Dale testing. In two of these animals a typical anaphylactic re-
sponse to crystalline penicillin was obtained. The negative reaction to tricho-
phytin in these two animals agrees with the findings of Jadassohn and his co-
workers (4). It is well known that commercial trichophytin is not a true antigen.
The Jadassohn group found that positive Schultz-Dale reactions could not be
elicited in sensitized animals with a similar preparation, while the anthors (2)
were unable to sensitize even the skin of the guinea pig by repeated injections
of a commercial trichophytin. Considering these facts, it is remarkable that
positive Schultz-Dale reactions to trichophytin were obtained in two of eight
animals with chronic T. gypseum infection, and a doubtful reaction elicited in
a third.
The definitely positive Schultz-Dale reactions to penicillin in guinea pigs
sensitized to T. gypseum are conclusive evidence of a crossed reactivity in peni-
cillin and trichophytin sensitizations. These reactions confirm the supposition
made by many authors (5) that a common antigen is present in penicillin and in
pathogenic fungi causing superficial fungous disease. Also confirmed is the
theory that shock-like reactions developing shortly after institution of penicillin
therapy in man are due to pre-existing sensitization by pathogenic fungi (1).
In connection with the above experiments, mention should be made of the
work of Waksman and his associates (6) and of Peck and Hewitt (7) 011 the anti-
biotic activity of pathogenic fungi. The former group working with Aspergillus
fumigatus and the latter with trichophyton mentagrophytes (T. gypseum),
have demonstrated that the respective fungi are capable of producing an anti-
biotic substance. The broth substrate studied by the latter authors resembled
penicillin in its action on penicillin-sensitive and penicillin-resistant organisms,
in its inactivation by sterile clarase and its destruction in a given period at a
given temperature and pH. However, the addition of clarase to a Berkefeld-
filtered glucose-peptone broth on which T. mentagrophytes had grown, destroyed
its antibiotic activity but did not change its ability to give positive skin tests in
402 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
trichophytin-sensitive patients. Moreover, antibiotic activity was not produced
by T. purpureum, M. lanosum or M. audouini, and occurred in relatively small
amount in broth cultures of T. violaceum, T. tonsurons and E. fioccosuxn. Since
in previous experiments, positive skin tests with penicillin were obtained in
T. purpureum infections in both animals and man (2), the identity of the anti-
biotic and sensitizing fractions of trichophytons and (by inference) of penicillin
still remains in doubt.
CONCLUSIONS
1. Guinea pigs may be sensitized anaphylactically to commercial sodium
penicillin by a single intradermal injection, and to crystalline sodium penicillin
by a single intradermal or four daily intraperitoneal injections.
2. Anaphylactic sensitization to crystalline sodium penicillin G may be induced
in the guinea pig by infection of the skin with T. gypseum.
3. Evidence of an antigen common to penicillin and to T. gypseum was dem-
onstrated by the Schultz-Dale test on the sensitized uterine muscle of the guinea
pig.
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